
N87-22033 

Unc-Las 
G3/26 0 0 6 9 8 3 3  

Department Of Physics ab 
Alabama Agricultural And Mechanical University 

Normal, Alabama 3 5 7 6 2  

( 2 0 5 )  859-7308 



SEMI -ANNUAL TECHNICAL REPORT 

NASA GRANT NAG8-076 

A STUDY OF MICROSTRUCTURAL 

CHARACTERISTICS OF Ni-BASED SUPERALLOYS 

AT H I G H  TEMPERATURES 



Report No: AAMU-NAG-001 

SEMI-ANNUAL TECHNICAL REPORT 

ON 

NASA GRANT NAG8-076 

A Study of  Microstructural Characteristics o f  

Ni-Based Superalloys at High Temperatures 

Pri nci pal Inves ti gator: 

~ Co-Investigator: 

R. B. La1 

M. D. Aggarwal 
Department o f  Physics 
Alabama A&M University 
Normal, AL 35762 
Tel. No. (205) 859-7470 

Submitted to 

National Aeronautics and Space Administration 

George C. Marshall Space Flight Center 

Marshall Space Flight Center, AL 35812 

May, 1987 



Preface 

The present report dated May, 1987 i s  a semi-annual repor t  on NASA 

The project  was granted on Oct 1 , 1987 and this report  Grant NAG8-076. 

b r i e f ly  describes the i n i t i a l  e f f o r t s  in reorienting our existing experi- 

mental f a c i l i t i e s  t o  work on superalloys and covers a period u p  t o  Apri l ,  

1987. To i n i t i a t e  the work in a proper d i rec t ion  and plan out our mode 

of operation, a meeting was arranged on October 20, 1986 w i t h  Dr. E. C. 

McKannan, Dr. Bilyar Bhat, Mr. Richard Parr and Ms. Wendy Alter o f  the 

Materials Laboratory, MSFC. 

Thanks a re  due t o  Mr. Richard Parr f o r  providing samples of superalloy 

rod MAR-M246(Hf) and a used screw made o u t  of PWA 1480. 



Summary 

The purpose of t h i s  invest igat  

of the Ni-based superalloy MAR-M246 

the components of the Space Shuttle 

the ex is t ing  experimenta 

metallurgical microscope 

micrographs. A t  present 

equ i pmen t 1 i ke cut  t i ng , g r i nd i ng/  po 1 

have been used t o  cut/polish and take 

we have only a 35mm camera attachment 

Due t o  t h i s ,  there olympus inverted metallurgical microscope. 

on i s  t o  study the microstructure 

( H f )  which i s  used in manufacturing 

s main engine. In the f i r s t  year 

of invest igat ion,  we planned t o  study th i s  superalloy using optical  photo- 

micrographs and the d i f f e ren t i a l  thermal analysis  d a t a .  During this period, 

s h i n g  machines, 

the photo-  

w i t h  our 

has been 

considerable delay in processing photographs. 

Thermal Analyzer (DTA-1700) had  been ordered and f i n a l l y  ins ta l  led on 

April 28, 1987. Preliminary t e s t  runs have been made on s i l v e r  as well 

as MAR-M246 (Hf) . 

A Perkin-Elmer Different ia l  

I 

(ii) 
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1. INTRODUCTION 

Supera l loys  a r e  complex m a t e r i a l s  capable o f  m a i n t a i n i n g  c e r t a i n  o f  

t h e i r  room temperature phys ica l  and mechanical p r o p e r t i e s  a t  e l e v a t e d  

temperatures.  Ni-based s u p e r a l l o y  manufactured by M a r t i n  M a r i e t t a ,  MAR-M246( Hf )  

has been chosen f o r  t h e  present  study. T h i s  i s  d i r e c t i o n a l l y  s o l i d i f i e d  

m a t e r i a l  w i t h  the  we igh t  percent  composit ion: N i  (58.035%), Co ( l o % ) ,  

W ( l o % ) ,  C r  (9%)>, A1 (5.5%), Mo (2.5%)) H f  (1.75%)), T i  (1.5%), Ta (1.5%), 

C (0.15%), Z r  (0.05%), and B (0.015%). The d i f f e r e n t  elements go i n t o  

t h e  s o l i d  s o l u t i o n  t o  p rov ide  one o r  more o f  the  f o l l o w i n g  e f f e c t s :  s t r e n g t h  

(Mo, Ta, W ) ,  o x i d a t i o n  r e s i s t a n c e  (Cry A l ) ,  phase s t a b i l i t y  ( N i ) ,  gamma 

pr ime y1 ( A l ,  T i ) .  The y phase i s  the key f a c t  o r  r e s p o n s i b l e  f o r  

t h e  e x t r a o r d i n a r y  u s e f u l  h i g h  temperature p r o p e r t i e s  o f  Ni-based super- 

a l l o y s  and has a complex ordered s t r u c t u r e  which p r e c i p i t a t e s  c o h e r e n t l y  

w i t h  t h e  m a t r i x  t o  p rov ide  p r e c i p i t a t e  hardening. 

t h a t  no s i n g l e  p r o p e r t y  c o n t r o l s  a l l o y  performance, h i g h  temperature s t r e n g t h  

and i n  p a r t i c u l a r  creep r e s i s t a n c e  and s t r e s s  r u p t u r e  l i f e  a r e  o f  g r e a t e s t  

1 

Al though i t  i s  recognized 

importance. Hence i t  i s  wor thwh i le  t o  g a i n  fundamental understanding 

o f  t h e  e f f e c t s  o f  t h e  var ious  c o n s t i t u e n t s  on deformat ion mechanisms as 

t h e y  r e g u l a t e  mechanical p r o p e r t i e s .  The purpose o f  t h e  p r e s e n t  s tudy 

i s  t o  use d i f f e r e n t i a l  thermal ana lys is  (DTA) and o p t i c a l  micrographs 

t o  i n v e s t i g a t e  t h e  m i c r o s t r u c t u r e .  

DTA cont inues  t o  a i d  i n  u n r a v e l l i n g  t h e  i n t r i c a c i e s  o f  s u p e r a l l o y  

m e t a l l u r g y .  

o t h e r  elements a f f e c t  an a l l o y ' s  behavior i s  o f t e n  r e f l e c t e d  i n  a DTA 

curve.  

changes r e s u l t i n g  f rom a d d i t i o n  of these elements. 

t h e  accura te  temperatures a t  which supera l loy  phase changes occur .  

The manner i n  which d i f f e r e n t  l e v e l s  o f  minor  a d d i t i o n s  o f  

DTA curve can a l s o  be used t o  i n t e r p r e t  t h e  mechanism o f  p r o p e r t y  

I t  enables us t o  f i n d  

C e r t a i n l y ,  
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t h e  e f f e c t s  o f  changes i n  major elements a r e  e a s i l y  determined. 

2 .  APPROACH OF WORK AND EXPERIMENTAL PROCEDURE 

A f t e r  t h e  i n i t i a t i o n  o f  the  p r o j e c t  on Oct. 1, 1986, a graduate s tudent ,  

Samuel Oyekenu was h i r e d  t o  work on the p r o j e c t .  

t h e  work r e l a t i n g  t o  photomicrography, d i f f e r e n t i a l  thermal a n a l y s i s  and 

h i g h  temperature x - ray  d i f f r a c t i o n  o f  the Ni-based s u p e r a l l o y s  i n  genera l  

and MAR-M246 (Hf) i n  p a r t i c u l a r  was c a r r i e d  o u t  f rom t h e  r e l e v a n t  f i  es, 

Inspec and Metadex. 

s t u d i e s  on MAR-M246(Hf). 

w i t h  i n  Appendix A. 

2.1. Cutting/Grinding/Polishing Set-Up 

Computer search f o r  

I t  i s  noted t h a t  not much work i s  p u b l i s h e d  f o r  these 

A copy o f  t h i s  computer search i s  enc losed here- 

The e x i s t i n g  Buehler  low speed h i g h  diamond c o n c e n t r a t i o n  saw was 

used t o  c u t  t h e  MAR-M246(Hf) s u p e r a l l o y  rod.  

a 5/16" d iameter  r o d  b u t  t ime o f  c u t t i n g  was reduced t o  3 hours when we 

used a new low diamond c o n c e n t r a t i o n  wafer ing blade. The samples were 

deburred and then embedded i n  a 1 1/4" d i a  mold u s i n g  Buehler EPO-KWIK 

r e s i n  and hardner f o r  g r i n d i n g  and p o l i s h i n g .  

u s i n g  a 240, 320, 400 and 600 g r i t  paper on a Buehler Minimet P o l i s h e r  

and a f i n a l  p o l i s h  i s  g i v e n  on a m i c r o c l o t h  u s i n g  a 0 . 5  and 0.0511 alumina 

powder and water as a slurry. 

2.2. E tchants  

I t  took  4-6 hours t o  c u t  

The sample i s  p o l i s h e d  

A l a r g e  number o f  e t c h i n g  reagents have been recommended i n  t h e  l i t e r a -  

ture '" .  Few e tchants  have been t r i e d  which a r e  l i s t e d  below: 

a )  Kal  1 i ng I s Reagent 59 C U C l 2  

100 m l  Hcl  (s.g. 1.19) 

40 m l  d i s t i l l e d  water  
#1 100 ml ethanol  
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b )  K a l l i n g ' s  Reagent 

#2 

c )  A d l e r ' s  Reagent 

59 cuc12 

100 m l  Hcl  
100 m l  Ethanol  

39 copper-ammonium c h l o r i d e  
20 m l  d i s t i l l e d  water  a f t e r  d i s s o l v i n g  

add 50 m l  Hc l  (s.g. = 1.19) 
and 15 g F e r r i c  c h l o r i d e  

2.3. Photomicrography 

The e x i s t i n g  olympus i n v e r t e d  m e t a l l u r g i c a l  microscope model PME 

w i t h  3 5 m  camera at tachment has been u t i l i z e d  t o  t a k e  photomicrographs. 

Var ious samples were c u t  perpend icu la r  t o  and a long t h e  a x i s  o f  t h e  r o d  

f o r  photomicrographica l  observat ions.  Po l i shed samples were etched f o r  

1-3 minutes u s i n g  a p a r t i c u l a r  etch.  

a t  a d e s i r e d  m a g n i f i c a t i o n .  

a r e  a t t a c h e d  h e r e w i t h  i n  F ig .  1 t o  F ig .  4. Var ious l o c a t i o n s  show y , 

MC, MZ3 C6 phases on these p i c t u r e s .  

PME olympus microscope i s  be ing  t r i e d  t o  be procured f rom some non-NASA 

funds, which w i l l  f a c i l i t a t e  us t o  see immediate r e s u l t s .  

Photomicrographs can be recorded 

Few photomicrograph showing t h e  m i c r o s t r u c t u r e  
1 

P o l a r o i d  camera at tachment f o r  t h e  

D e t a i l e d  i n v e s t i g a t i o n  

i s  underway. 

2.4. D i f f e r e n t i a l  Thermal Ana lys is  

D i f f e r e n t i a l  thermal a n a l y s i s ,  as i t s  name i m p l i e s ,  i n v o l v e s  h e a t i n g  

2 bodies,  one of which i s  known t o  undergo no phase changes and measuring 

t h e  d i f f e r e n c e s  as t h e  two a r e  heated. 

I f  a phase change occurs i n  the  unknown, i t s  temperature w i l l  be h i g h e r  

(exothermic)  o r  lower  (endothermic) than t h a t  o f  t h e  n e u t r a l  body. 

a r e  n o r m a l l y  recorded as a f u n c t i o n  of t h e  sample temperature.  

phase t r a n s i t i o n ,  dehydrat ion,  reduct ion,  and some decomposi t ion r e a c t i o n s  

These 

Normal ly  

produce endothermic r e a c t i o n s  whereas c r y s t a l  1 i z a t i o n  , o x i d a t i o n  and some 

decomposi t ion r e a c t i o n  produce exothermic r e a c t i o n s .  
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Fig. 1 M i c r o s t r u c t u r e  o f  Ni-based Superal loy MAR-M246(Hf) 
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Fig. 2 Microstructure of Ni-based Superalloy MAR-M246(Hf) 
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F ig.  3 Photomicrograph No. 7 showing t h e  m i c r o s t r u c t u r e  of MAR-M246( H f )  
f rom a r o d  c u t  a long t h e  ax is .  
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F i g .  4 Microstructure  o f  Ni-based Superalloy MAR-M246(Hf) 
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As planned i n  t h e  proposal ,  an order was p laced on Oct 20, 1986 f o r  

a d i f f e r e n t i a l  thermal ana lyzer  (DTA 1700) f rom Perkin-Elmer which was 

i n s t a l l e d  and f i n a l l y  t e s t e d  on A p r i l  28, 1987. DTA system has been purchased - 

a long w i t h  Thermal Ana lys is  Data System (TADS) which c o u l d  o n l y  be p o s s i b l e  

w i t h  a t r a d e - i n  o f  a component of t h e  e x i s t i n g  DSC-4 system bought under 

a separate g ran t .  

A t y p i c a l  DTA curve f o r  s i l v e r  was taken t o  t e s t  t h e  system and i s  shown 

i n  F ig .  5. 

i s  shown i n  F ig .  6. 

c o o l i n g  cyc les .  Ana lys is  o f  t h e  data i s  i n  progress.  

Th is  has increased the v e r s a t i l i t y  of our  equipment. 

A t y p i c a l  DTA curve f o r  MAR-M246(Hf) d u r i n g  t h e  h e a t i n g  c y c l e  

Also F ig.  7 shows a s i m i l a r  DTA curve d u r i n g  t h e  
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